Objective Determine whether a 1-hour pad test at discharge can identify continence status within 120 days of obstetric vesicovaginal fistula (VVF) repair.
Introduction
Obstetric fistula (OF) affects an estimated 2 million women worldwide, 1 primarily in sub-Saharan Africa and south Asia. It is a serious complication of childbirth that is associated with prolonged, obstructed labour. In these situations, pressure from the fetal head against vaginal wall tissue leads to necrosis, causing an abnormal communication between the vagina and the bladder (vesicovaginal fistula; VVF) and/or between the vagina and the rectum (rectovaginal fistula; RVF). This results in constant leaking of urine or faeces from the vagina. In Malawi, the prevalence of OF is estimated to be 1.6 per 1000 women, 2 with VVF representing the majority of the fistula cases identified by hospital records.
Although surgical interventions have been shown to be effective for VVF, not all women undergoing these procedures regain continence. Rates of fistula closure reported in the literature vary widely between 41% and 100%, 3, 4 with an average of 85%. 5 However, even women with a successful OF closure may continue to be incontinent due to residual stress urinary incontinence, small bladder size, neurologic damage, or damage to the sphincter or urethra. 6 After obstetric fistula repair, it is difficult to predict which women will have residual incontinence and need close follow up and additional therapy. In many areas where fistula repair is performed, limited clinical personnel, funding, and infrastructure are available to follow women after repair. A diagnostic tool to identify women who should be prioritised for follow up after repair would be helpful to optimally utilise scant resources. The International Continence Society states that pad weight testing can be used as an optional non-invasive test of continence. 7 One-hour pad tests have been used both pre-operatively as a measure of severity of incontinence and postoperatively 8 as a measure of surgical success of procedures aimed at improving incontinence. Women who are still suffering from urinary incontinence 3 months after repair are unlikely to have significant improvement in their leaking and can benefit from additional surgical and nonsurgical therapies. Our objective was to assess the utility of using a discharge pad test at three thresholds to identify continence status at follow up.
Methods

Study setting
This study took place at the Freedom from Fistula Foundation Fistula Care Centre at Bwaila Hospital in Lilongwe, Malawi. The Fistula Centre receives referrals from all regions of Malawi as well as western Mozambique and eastern Zambia. Referred patients undergo a comprehensive history and physical examination prior to fistula repair surgery. A majority of surgeries were performed or overseen by the same surgeon during this study period. Patients are kept as inpatients until urethral catheter removal (on average, postoperative day 14). After the urethral catheter is removed, a dye test is performed. If the dye test is positive, the patient is assumed to have a residual fistula and advised to return for follow up for counselling on subsequent surgical and non-surgical management options. If the dye test is negative, the patient undergoes a cough stress test and a 1-hour pad weight test. To conduct the 1-hour pad test, an extra-long maxi pad is pre-weighed. The patient then wears the pad doing various activities for 1 hour, and then the pad removed and weighed again. The 1-hour pad weight is calculated as the difference between the two pad weights. All patients are advised to return to the Fistula Care Centre for clinical follow up 30 days after discharge. As the exact timing of discharge after surgery and return for the first follow up varies from woman to woman, we set a minimum threshold for completing the first follow up at 21 days after surgery and a maximum threshold at 120 days after surgery, and only considered the continence status from the first clinical follow up completed in this time period (if more than one was completed)
Study population
We analysed data from a prospective cohort study of women who had VVF fistula repair at the Fistula Care Centre between January 2012 and December 2014. Women were included in this analysis if they had a confirmed OF, were undergoing an initial VVF repair at the Fistula Care Centre (prior repairs at other centres were not excluded), and completed a postoperative 1-hour pad test prior to discharge. Women were excluded from the analysis of predictors of a positive pad test if they died prior to discharge, had a residual fistula (determined with a positive dye test) or had only a ureteral re-anastamosis or urinary diversion as their initial surgery. Women who did not have clinical follow up at the Fistula Care Centre within 120 days of repair with a documented continence grade were excluded from the analysis on the ability of pad weight to predict continence status.
Data collection
Staff trained in data collection recruited, consented, and enrolled eligible participants in either English or the local language (Chichewa). Eligible women provided informed consent for collection of demographic data, physical exam findings, surgical procedures, postoperative findings, and follow-up visits. Ethical approval was obtained from the National Health Sciences Research Committee of Malawi and the University of North Carolina School of Medicine Institutional Review Board. Women over 18 gave informed consent, whereas parental consent and paediatric assent were obtained for those under 18. Trained research assistants double-entered and compared the data using REDCap (Research Electronic Data Capture, NC, USA). 9 
Variables
The primary outcome is the ability of a 1-hour pad test to predict continence status within 120 days of VVF repair. Only women with closed fistulas were included in this analysis. We considered three different pad test thresholds in evaluating this outcome. The upper limit of continence for 1-hour pad testing is recommended by the International Continence Society as 1.4 g. 10 In our initial analysis, we considered pad weights ≥1.5 g to be positive and <1.5 g negative. As this test has not been previously validated in women with VVF repair, we also examined the performance of the 1-hour pad weight using thresholds of 1.0 and 2.0 g. Women were considered to be continent at their follow-up visit if they had Grade 1 continence ('no incontinence') and to have residual incontinence if they had Grade 2-5 continence (grade 2: incontinent with cough, strain, or exertion; grade 3: incontinent on walking; grade 4: incontinent on walking, sitting, and/or lying but still voiding some urine; grade 5: incontinent on walking, sitting, and/or lying but not voiding any urine) utilising a common grading system for residual incontinence 11 as determined by a trained clinician. We regarded participant self-reported demographic information and HIV status as predictors of residual incontinence. HIV status was determined through testing of all participants prior to their VVF repair. Bladder capacity was estimated using a measurement of bladder depth (in cm) intra-operatively. Patients were examined under anaesthesia to confirm the stage of their vesicovaginal fistula via the revised Goh classification system, which classifies fistulae by the distance of the distal edge of the fistula from the external urinary meatus, the size of the fistula, and the extent of the associated scarring. 12 
Statistical analysis
Baseline characteristics were compared at baseline for all women with closed fistulas and a pad test at discharge. For women who returned for follow up within 120 days of repair, we evaluated whether the pad test predicted continence. For all three thresholds, differences in the baseline and surgical characteristics between women with positive and negative pad tests at discharge were calculated using Pearson's v 2 tests. Sensitivity, specificity, positive and negative predictive values with 95% confidence intervals (CIs) were calculated at thresholds of 1.0, 1.5 and 2.0 g to assess the utility of using discharge pad weight to predict continence at follow up. A priori goals of 60% sensitivity and 80% specificity to predict continence were determined. Specificity was prioritised to capture a high proportion of women with residual incontinence. A receiver operator characteristic (ROC) curve was used to estimate area under the curve (AUC) and the 95% CI. We did a sensitivity analysis with two scenarios: one assuming that among all women lost to follow up, those with a positive pad test had residual incontinence and those with a negative pad test were continent, and a second assuming that among women lost to follow up, all women with a positive pad test were continent and those with a negative pad test had residual incontinence. Statistical analysis was performed using STATA version 13.0 (StataCorp 2013, College Station, TX, USA).
Results
Study population
In the study period, 572 women had a baseline surgery at the Fistula Care Centre. Of these, 488 women underwent a VVF repair and were discharged (two women died prior to discharge; Figure 1 ). A total of 443 of these women had a closed fistula, giving a fistula closure rate of 90.8%. Of these 443 women without residual fistula, 431 (97.2%) completed a 1-hour pad test. The weights from the pad test ranged from 0 to 107.5 g with a median of 1.1 g (Figure S1 ). Of these 431 women, 194 (45.0%) had a positive pad test (≥1.5 g) and 237 (55.0%) had a negative pad test (<1.5 g) at discharge. Women with a positive pad test were older, had fistulas closer to the external urinary meatus (by Goh type classification), had larger fistulas, had more vaginal scarring, were catheterised longer, and were more likely to have a positive postoperative cough stress test or low bladder capacity (Table 1 ). The proportion of women with a closed fistula who were continent at discharge was 68.7%.
The median time from surgery to first follow up was 53 days (interquartile range 47-61). When compared with those with a closed fistula at discharge, women with residual fistulas were much less likely to complete their first follow-up visit within 120 days of surgery (44.4% versus 86.2%, P < 0.001). Women with positive pad tests (≥1.5 g) were also less likely to complete their first follow-up visit (80.3% with positive pad test versus 88.0% of those with negative pad test, P = 0.024).
Of the 346 women with closed fistulas who completed follow up within 120 days of repair, 276 (79.8%) were continent and 70 (20.2%) had residual incontinence. Results from the 1-hour pad test at discharge show good ability to predict continence at follow up (AUC = 0.83, 95% CI 0.77-0.89; Figure 2 ). The sensitivity of the 1-hour pad test at 1.5 g was 68.1% (95% CI 62.2-73.6) and the specificity was 82.9% (95% CI 72.0-90.8). In this population with a prevalence of continence of 79.8%, the positive predictive value of a negative 1-hour pad test at predicting continence at follow up was over 90% for all thresholds and was 94.0% (95% CI 90.0-96.9) at the 1.5-g threshold (Figure S2) . When comparing the threshold of 1.5 g for the pad test with thresholds of 1.0 and 2.0 g, the threshold of 1.5 g was the lowest threshold that met the a priori goals of a sensitivity of 60% and a specificity of 80% (Table 2) and there was little difference in the sensitivity and specificity between the 1.5-and 2.0-g thresholds.
Most women returned with the same continence grades (n = 252, 75.7%) or improved continence grades (n = 49, 14.7%) (Table S1 ). Thirty-two women returned with worse continence grades; 17 (54.8%) of these were initially discharged as completely cured with continence grade 1. Most of the women who returned continent had a negative pad test prior to discharge (68.1%) compared with only 17.1% of those with residual incontinence. However, of those women with a positive discharge pad test (≥1.5 g), 60.3% were continent at the time of their follow up.
For the sensitivity analysis, in the worst scenario-i.e. all those with a negative pad test were incontinent and all those positive pad test were incontinent among those lost to follow up-the proportion of women who were continent decreased from 79.8% to 75.2%. In this situation, the sensitivity of the pad test at 1.5 g is 58.0% (95% CI 52.4-63.5) and the specificity decreases to 54.2% (95% CI 44.3-63.9). In the best scenario-i.e. all those with a positive pad test had residual incontinence and all those with a negative pad test were continent-the proportion of women with continence is 72.6%, the sensitivity is 71.9% (95% CI 66.6-76.8) and the specificity 89.8% (95% CI 82.9-94.6).
Discussion
Main findings
In this study of women after VVF repair, over 90% experienced successful fistula closure during their first repair at our centre. Most women who returned for follow up were continent, and 20% of women with a closed fistula at discharge had residual incontinence at follow up. Nearly all women (94%) with a negative (<1.5 g) pad test at discharge were continent at follow up.
Strengths and limitations
Few studies have evaluated postoperative predictors of continence after fistula repair. Rather, much focus has been on pre-operative factors, which have been well documented. 13 In this study, we were able to evaluate how well a pad test can predict continence at various cut-offs in a large population of women followed prospectively with a high followup rate within 120 days of VVF repair. However, we acknowledge several limitations. We are not able to describe the nature of the residual incontinence apart from the incontinence grading by clinicians, as urodynamic testing is not routinely performed at follow-up visits. This may have led to the low prevalence of residual incontinence. Additionally, there may have been some social desirability bias among patients, leading them to report less incontinence to providers at follow up. Women at high risk of residual incontinence (either from a residual fistula or a 1-hour pad test over 1.5 g) were less likely to return for a scheduled clinical evaluation within 120 days of repair than those with a close fistula or negative discharge pad test. This may have also made our prevalence of residual incontinence at follow up lower than expected, which would affect the positive and negative predictive values of the pad testing.
Interpretation
The optimal threshold for a positive or negative 1-hour pad test in a population of women with obstetric VVF repair has not been established. The International Continence Society recognises an upper limit of 1.4 g for continent women. Some studies in women after stress incontinence procedures have used a threshold of <1 g for continent women, 14 whereas others have chosen a threshold of <2 g. 15 The climate in which the test is performed may also impact the threshold for the pad test. A study from Brazil showed that pad weights are affected by temperature and humidity, which can increase perspiration. 16 Given the amount of prior incontinence experienced by fistula patients, higher thresholds for pad tests (either 1.5 or 2.0 g) may be more appropriate.
Though we show that a negative pad test may be a useful tool at predicting continued continence after VVF repair, a positive pad test does not predict residual incontinence well, as many patients' urinary leakage improves as time from repair increases. This is demonstrated by the low Table 2 . Sensitivity and specificity of a negative 1-hour pad test at predicting continence (no residual incontinence) with various thresholds (n = 346) Pad weight cut-off
Pad weight cut-off < 1 g
Pad weight cut-off < 2 g < 1.5 g Figure 2 . ROC curve for the use of postoperative 1-hour pad test to predict continence at follow up.
sensitivity and high specificity at predicting continence after repair. We found that many women who had incontinence at the time of discharge experienced improvement. Notably, many women with a positive 1-hour pad test went on to report that they were continent and cured. This is similar to the findings of VVF patients in Ethiopia, where trends for improvement in continence grades were noted for most women in the initial months after VVF repair.
11
Our patients had a fistula closure rate of over 90%, marginally higher than the 85% closure rate recommended by the World Health Organization (WHO) as a quality of care measure. 17 Other fistula surgeons have reported similar rates 18, 19 or lower fistula closure rates. 4, 20 Our closed fistula residual incontinence rate of 20% at the time of follow up is comparable to rates found in other low resource settings where obstetric fistula is common. 4, 21 Clinical follow-up rates for OF patients after repair are highly variable, 11, 22, 23 and few sites where follow up is performed have capabilities to perform urodynamic testing to further characterise the type of incontinence experienced. Postoperative incontinence in obstetric fistula patients with successful fistula closure, the so-called 'continence gap', 24 remains one of the most vexing challenges in the care of women with this condition. Even among women with residual incontinence, patient perceptions of the amount of urinary leakage and the effect of incontinence on quality of life are important to understand and are areas for further study.
Loss to follow up is a major limiting factor in other studies of continence after fistula repair. In other settings, patients with postoperative urinary leakage are either more motivated and likely to return for follow up 11 or just as likely to return for follow up as those without leakage. 22, 23 However, this was not true in our population of fistula patients. Further studies should consider innovative ways to capture women otherwise lost to follow up after repair in order to characterise actual residual incontinence rates.
The ability to predict which patients are at low risk of residual incontinence is useful as it can help focus limited clinical resources appropriately on those who may be at risk. Women with an unrepaired fistula may be able to have another repair attempt or be considered for a urinary diversion. For women with residual incontinence after a successful OF repair, continence may be achieved with non-invasive techniques such as pelvic floor strengthening, 25 bladder training or urethral plugs. 26 Additionally, surgical procedures to alleviate stress urinary incontinence can be considered for these patients. 27 Informing patients of these possibilities may be useful to encourage clinical follow up. Unlike another population of fistula patients in Ethiopia, 11 our patients at risk for residual incontinence, either from an unrepaired fistula or other causes, were significantly less likely to return for follow up than those who were continent. This may be secondary to incomplete knowledge of future treatment options or other economic or social barriers that may be more common among these women. Further studies are needed to determine the reasons for lower follow-up rates in these groups.
Conclusion
In this study, we have shown that the use of a noninvasive 1-hour pad test prior to discharge can assist in predicting which women will remain continent after repair. In settings where resources are limited and clinical follow up of patients after fistula repair is challenging, the addition of the pad test may help to identify women who should be prioritised for follow up after repair.
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